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[0001] BACKGROUND OF THE INVENTION 

[0002] This invention relates to multif requency antennas, and 
more particularly to a multif requency antenna with reduced rear 
radiation and reception, for use in the frequency band of Global 
Positioning Systems (GPS) . 

[0003] DESCRIPTION OF THE RELEVANT ART 

[0004] A multif requency operation is quite demanding in 
various applications, for instance, in Global Positioning 
Systems (GPS), L 2 (1575.42 MHz) and L 2 (1276.4 MHz) signals. 
Two GPS signals currently are used to compensate for propagation 
effects from the ionosphere. The future GPS will use additional 
L 5 (1176.45 MHz) band as well. 

[0005] Recently, several GPS antenna designs with improved 
multipath rejection capabilities and reduced sizes for high 
precision survey have appeared. There are drawbacks, however, 
such as large ground plane size, high vertical profile, 
insufficient front-to-back (F/B) ratio and pattern roll-off. 

[0006] Multipath is a limiting factor in precision GPS 
applications. Multipath signals arrive with arbitrary incident 
angles to the antenna depending upon the environment around the 
antenna. The multipath signals from below horizon due to the 
reflections from the ground and mounting structure are main 
concerns because the antenna usually is mounted less than two 
meters above the ground and it is difficult for the signal 
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processing in the receiver to mitigate the effect of short 
distance multipath, less than 10 meters. In this case, the 
multipath signals can be suppressed by tailoring the receiving 
pattern of the antenna. The ideal GPS antenna would have a 
uniform gain for the upper hemisphere and blocks the signal 
coming from below the horizon. 
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several concentric thin metallic rings around the antenna 
element and the bottom of the conventional -choke ring is 
connected to a thick conducting circular disk. If the height of 
the conventional -choke ring, a metal or conducting wall, were 
chosen to be close to quarter wavelength of the operating 
frequency, then the top end of the conventional -choke rings 
effectively can be an open circuit, in which the wave 
propagation to the direction of horizon is suppressed. Because 
the ring depth is determined by the operating frequency, the 
conventional choke ring has optimum effect only on the 
particular frequency. Recently, an attempt was made to realize 
a dual frequency choke ring, M. Zhodzishsky, M. Vorobiev, A. 
Khvalkov, J. Ashjaee, "The First Dual -Depth Dual -Frequency Choke 
Ring," Proc . Of ION GPS-98, pp. 1035-1040, 1998, in which a 
special diaphragm, slot filter, is used inside the choke ring 
groove that blocks the high frequency but passes lower 
frequencies. The special diaphragm works as a slot filter. The 
depth of the groove may be different for two frequencies. One 
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of the drawbacks of the conventional -choke ring is fairly large 
footprints, typically 15 inches, limiting use of the 
conventional -choke ring in portable applications. 
[0008] Realization of a reduced size antenna with comparable 
performances to the standard choke ring antenna, also capable of 
multif requency operation, is particularly demanding. 

[0009] SUMMARY OF THE INVENTION 

[0010] A general object of the invention is an antenna that 
can transmit and receive a circularly polarized signal at 
multitude of frequencies with extended bandwidth at each 
operating band, in our case, three GPS bands, LI, L2 and L5 . 

[0011] Another object of the invention is high performance in 
terms of bandwidth, enough bandwidth to cover the GPS bandwidth 
2 0 MHz and future extension 24 MHz, axial ratio, cross- 
polarization rejection level, greater than -20dB, and multipath 
interference mitigation capability, backlobe suppression. 

[0012] A further object of the invention is an antenna that 
has a hemispherical coverage above the horizon and minimal 
transmission and reception levels for the lower hemisphere. 

[0013] An additional object of the invention is a new method 
for constructing an edge diffraction suppressor, choke ring, for 
multif requency with reduced size. 

[0014] A still further object of the invention is an 
appropriate consideration for the polarization of the multipath 
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signals . 

[0015] According to the present invention, as embodied and 
broadly described herein, a mult if requency antenna is provided, 
comprising a plurality of nonconducting substantially planar 
substrates, a lossy-dielectric-magnetic material, and an edge- 
diffraction reflector. Each planar substrate of the plurality 
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conductive layer disposed on a surface. A first substrate of 
the plurality of nonconducting substantially planar substrates, 
has a transmission line disposed on a rear surface, and has a 
first conducting layer disposed on a other surface. The first 
conducting layer includes a plurality of slotted openings 
arrayed about an antenna axis. 

[0016] A second substrate of the plurality of nonconducting 
substantially planar substrates, is stacked on the first 
substrate. The second substrate has a second conducting layer 
disposed on a surface. The second conducting layer includes a 
multiplicity of slotted openings arrayed about an antenna axis. 
[0017] A third substrate of the plurality of nonconducting 
substantially planar substrates, is stacked on the second 
substrate. The third substrate has a third conducting layer 
disposed on a surface. 

[0018] The lossy-dielectric-magnetic material encloses sides 
and rear of the mult if requency antenna. The lossy-dielectric- 
magnetic material prevents electromagnetic energy penetration 
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through the rear and sides of the mult i frequency antenna. Thus, 
the multif requency antenna thereby radiates and receives 
electromagnetic energy from a front of the multif requency 
antenna . 

[0019] The edge-diffraction reflector is attached to the rear 
of the multif requency antenna. The edge-diffraction reflector 
includes at least two essentially circular, conductino relates = 
The edge-diffraction reflector has a plurality of conducting 
cylinders, each with height essentially shorter than a diameter 
along an axis of the multif requency antenna. 

[0020] Additional objects and advantages of the invention are 
set forth in part in the description which follows, and in part 
are obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
also may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out in 
the appended claims. 

[0021] BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate preferred 
embodiments of the invention, and together with the description 
serve to explain the principles of the invention. 
[0023] FIG. 1 is a diagrammatical view of the front surface 
of an aperture- coupled multif requency antenna in accordance with 
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the present invention; 

[0024] FIG, 2 is a cross sectional view of the antenna of 
FIG. 1; 

[0025] FIG. 3 is a diagrammatical view of an edge diffraction 
suppression structure located on the rear of the antenna of FIG. 
1; 

[0026] FIG. 4 is a cross sectional view of the ed.ge 
diffraction suppression structure of FIG. 3; 

[0027] FIG. 5 is a cross sectional view of a complete antenna 
system of the present invention; 

[0028] FIG. 6 is a diagram showing measured return loss of 
the present invention shown in FIG. 1 through FIG. 4; 
[0029] FIG. 7 is a diagram showing simulated antenna gain 
pattern comparison for different choke ring configurations; 
[0030] FIG. 8 is a diagram showing simulated Front/Back ratio 
as a function of number of grooves associated with the edge 
diffraction suppressed reflector shown in FIG. 3 and FIG. 4 of 
the present invention; 

[0031] FIG. 9 is a diagram showing the comparison of the 
simulated Front/Back ratio as a function of frequency for the 
different groove width associated with the edge diffraction 
suppressed reflector shown in FIG. 3 and FIG. 4 of the present 
invention; and 

[0032] FIG. 10 is a diagram showing measured Up/Down gain 
ratio of the present invention shown in FIG. 1 trough FIG. 4. 
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[0033] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0034] Reference now is made in detail to the present 
preferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings, wherein like reference 
numerals indicate like elements throughout the several views. 
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[0035] A novel approach is provided for an antenna for Global 
Positioning Systems. The present invention has a new type of 
choke ring which provides comparable performances with 
conventional -choke rings, but with reduced size. The new choke 
ring- also is capable of operating at multiple frequencies, such 
as GPS Lj. (1575.42 MHz) and L 2 (1276.4 MHz) bands. The new 
choke ring also can operate at future GPS bands, as a tri-band 
GPS antenna, by way of example, L 1# L 2 , and L 5 (1176.45 MHz) . 
[0036] As a tri-band GPS antenna, the present invention 
allows multiple patch antenna configuration, slot coupling both 
in the ground plane and patch, and design parameters for optimum 
performance. The design parameters include slot locations and 
dimensions, with slot dimensions in the patch chosen smaller 
than that of the slots in the ground plane. The present 
invention also considers polarization issues for the backside 
multipath. 

[0037] The present invention includes a multif requency 
antenna for receiving and transmitting circularly polarized 
electromagnetic signals. The multif requency antenna comprises a 
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plurality of nonconducting substantially planar substrates, a 
lossy-dielectric-magnetic material, and an edge-diffraction 
reflector. Each planar substrate of the plurality of 
nonconducting substantially planar substrates, has a conductive 
layer disposed on a surface. A planer substrate might have, by 
way of example, the planar substrate embodied as a printed 
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layer on one side. The present invention is taught, by way of 
example, for three substrates with three conducting layers, 
respectively. The present invention may be extended to more 
layers of substrates with respective conducting layers. 
[0038] As illustratively shown in FIGS. 1 and 2, a first 
substrate 23 of the plurality of nonconducting substantially 
planar substrates, has a transmission line 28 disposed on a rear 
surface, and has a first conducting layer 13 disposed on a other 
surface. The first conducting layer 13 includes a plurality of 
slotted openings 26, 27, 211, 212 arrayed about an antenna axis 
14. The first conducting layer 13 includes a co-axially 
located circular patch 13 . 

[0039] A second substrate 22 of the plurality of 
nonconducting substantially planar substrates, as shown in FIG. 
2, is stacked on the first substrate 23. The second substrate 
22 has a second conducting layer 12 disposed on a surface. The 
second conducting layer 12 includes a second multiplicity of 
slotted openings 24, 25, 29, 210 arrayed about the antenna axis 



be used, including by way of example and without limitation, 
square, rectangular, oval, triangular, pentagon, hexagon, 
octagon, as well as other well-known planar shapes. 
[0042] The radii for each conducting layer, embodied as a 
circular patch, is determined from the wavelengths, or 
frequencies, to be used by the multif requency antenna. The 
frequencies are determined from formulas derived from a cavity 
model by Y, T. Lo, D. Solomon, W. F. Richards, "Theory and 
Experiment on Mircrostrip Antennas," IEEE Trans. Antennas 
Propagat., Vol. AP-27, No. 2, pp. 137-145, March 1979. and, 
Resonant frequencies for the TM z mn0 of the circular patch antenna, 
L. Shen, S. Long, M. Allerding, M. Walton, "Resonant frequency 
of a circular disc, printed-circuit antenna," IEEE Trans. 
Antennas Propagat., Vol. AP-25, No. 4, pp. 595-596, July 1977, are 
found to be 



where p is the permeability of the substrate and £ is the 
dielectric constant of the substrate, X' mn the zeros of the 



of the circular patch. The patch radius for the dominant mode 
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derivative of the Bessel function *J m ( X) anc * 3 ^ s the radius 



at frequency f is given by 
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a = 



1 .8412 co, 



(2) 



where c is speed of light, v 0 is velocity factor of the 
substrate, and e r is the dielectric constant of the substrate. 
A permeability of 1.0 and a dielectric constant of 2.2 widely 
are used for commonly available substrate material, such as 
printed circuit board. The resonant frequency f r of equation 
(2) does not take into account a fringe effect which makes the 
patch look electrically larger. This may be corrected by using 
a correction factor, with the resulting relation given below: 



a e = a 1 + 



(3) 



where h is substrate height, which is typically very small 
(h < 0.05A) 

[0043] The dimensions of the patches are further adjusted for 
optimal performance. Referring to FIGS. 1 and 2, the patches 

11, 12 include the plurality of slotted openings embodied as a 
plurality of rectangular slots 24, 25, 26, 27, 29, 210, 211, 
212. The plurality of rectangular slots 24, 25, 26, 27, 29, 
210, 211, 212 are arrayed around the antenna axis 14. The 
multif requency antenna includes two stacked circular patches 11, 

12. The lower circular patch 12 is excited through four 
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apertures 26, 27, 211, 212 in the ground plane 13. The upper 
circular patch, 11 are excited through four apertures 26, 27, 
211, and 212 in the ground plane 13 and four apertures 24, 25, 

29, and 210 in the lower circular patch 12. 

[0044] The top patch 11 resonates at the L x band (1575.42 
MHz) and the bottom patch 12 resonates at the center of L 2 
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coupled stacked patch antenna has wider impedance matching 
characteristic and axial ratio bandwidth, the two lower bands 

(L 2 and L 5 ) are covered with a single bottom patch 12 with the 
aid of stacked L x top patch 11 as a parasitic element at lower 
frequency bands. The patches are coupled through slots to the 
feeding microstrip lines 28 in the backside of the bottom 
substrate 23. The feed line 28 is a leaky microstrip line 
designed to be matched to 50 -Q output impedance. 90 -degree 
phase offset has been achieved using quarter-wave stripline. 

[0045] In the exemplary arrangement shown in FIG. 3, a 
diagrammatical view is shown of an edge-diffraction reflector 

30, which is located on the rear of the mult if requency antenna 
10 of FIG. 1. FIG. 4 is a cross sectional view of the edge- 
diffraction reflector 30 of FIG. 3. The edge-diffraction 
reflector 30 is attached to the rear of the mult if requency 
antenna 10. The edge-diffraction reflector 30 includes at least 
two essentially circular, conducting plates. The edge- 
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diffraction reflector typically has a plurality of conducting 
plates 41, 42, 43, 44, 45, each with height essentially shorter 
than a diameter along an axis of the mult if requency antenna. 
[0046] In a preferred embodiment, each conducting plate of 
the plurality of conducting plates 41, 42, 43, 44, 45 has a 
circular shape. Other shapes for each conducting plate of the 

nl n va 1 i i-^r rs"F +- "h £s n^n /^i inf -i nn nl a+-^c< A ~\ A O A 1 A A /I C m-=»ir Kn 

used, including by way of example and without limitation, 
square, rectangular, oval, triangular, pentagon, hexagon, 
octagon, as well as other well-known planar shapes. Typically, 
the shape of each conducting plate in the plurality of 
conducting plates 41, 42, 43, 44, 45 is the same shape as each 
conducting layer on each planar substrate of the plurality of 
nonconducting substantially planar substrates. 
[0047] The edge-diffraction reflector 30 of the present 

invention is a new design concept in view of the conventional - 
choke ring. With the edge-diffraction reflector 3 0 the overall 
size compared to a conventional -choke ring, has been greatly 
reduced. The edge-diffraction reflector 30 still maintains the 
capabilities of suppressing the back lobe and enhancing the 
pattern roll -off characteristic comparable to the conventional - 
choke ring. The edge-diffraction reflector of the present 
invention uses the plurality of conducting plates 41, 42, 43, 
44, 45, preferably circular in shape, instead of using ring type 
walls as with the conventional -choke ring. The grooves 410, 
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411, 412, 413, 414, 415, 416, 417 are constructed by adjacent 
plates and center cylinders. The plurality of conducting plates 
41, 42, 43, 44, 45 and conducting center cylinders 46, 47, 48, 
49 can be vertically stacked to increase suppression. 
[0048] The depths dl, d2 of the grooves are determined by 
wavelength of the intended frequencies, which in the preferred 

investigated by numerical simulations using a finite element 
method (FEM) based electromagnetic solver, named HFSS. The 
antenna element chosen for the simulation is a cavity backed 
cross dipole resonating at 1.1 GHz and the new vertical choke 
ring consists of five stacked grooves, which are attached to the 
bottom of the cavity. The diameter of the cavity and vertical 
choke ring is 18 0mm and the overall height of the vertical choke 
ring is 50mm, which are much smaller dimensions compared to 
those of the conventional -choke rings. The groove depth has been 
varied to find an optimum choice. The Front/Back ratio vs. 
groove depth is shown in Table 1. The optimum depth has been 
found to be 0.18 X for the given configuration, which is 
somewhat less than the quarterwave length of the operating 
frequency. Our research shows that the optimum depth varies 
depending upon the diameter of the choke ring and the separation 
distance of the circular plates. 
[0049] 
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[0050] As illustratively shown in FIG. 5, lossy-dielectric- 
magnetic material 51 may enclose sides and rear of the 
multif requency antenna 10. The lossy-dielectric-magnetic 
material 51 prevents electromagnetic energy penetration through 
the rear and sides of the multif requency antenna 10. Thus, the 
multif requency antenna 10 thereby radiates and receives 
electromagnetic energy from a front of the multif requency 
antenna 10. 

[0051] More particularly, FIG 5 shows a cross sectional view 
of a complete multif requency antenna system of the present 
invention. In order to prevent unwanted radiation from the 
feeding network, the rear and side of the antenna are 
encapsulated by using the lossy-dielectric material 51, which 
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may be embodied as microwave absorbing material. The edge- 
diffraction reflector 30 typically is located outside the lossy- 
dielectric material 51. 

[0052] FIG. 6 is a diagram showing measured return loss of 
the present invention shown in FIG. 5. As shown in the plot, 
the designed antenna has very wide matching characteristics over 
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[0053] FIG. 7 is a diagram showing simulated antenna gain 
pattern comparison for different choke ring configurations. In 
Fig. 7, the total field patterns, right-hand-circular 
polarization and left-hand-circular polarization (RHCP+LHCP) are 
compared for antenna only, 4 00 mm standard conventional -choke 
ring, 240 mm conventional -choke ring, and 180 mm vertical choke 
ring, edge-diffraction reflector of the present invention. We 
can see from FIG. 7 that the 18 0 mm vertical choke ring 
suppresses the back lobe level by approximately 10 dB, which is 
the same performance of the 24 0 mm conventional -choke ring 
ground plane. 

[0054] FIG. 8 is a diagram showing simulated Front/Back ratio 
as a function of number of grooves associated with the edge 
diffraction reflector shown in FIG. 3 and FIG. 4 of the present 
invention. The number of groove varied from 0 to 6 and the 
corresponding F/B ratios have been plotted in FIG. 8. It is 
observed that the enhancement of F/B ratio is most noticeable up 
to three grooves and after that, the degree of enhancement 
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decreases . 

[0055] FIG. 9 is a diagram showing the comparison of the 
simulated Front/Back ratio as a function of frequency for the 
different groove width associated with the edge diffraction 
reflector shown in FIG. 3 and FIG. 4 of the present invention. 
FIG. 9 shows the effect of groove width. As shown in FIG. 9, a 
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range. We also note that the suppression levels rapidly fall 
off toward the lower frequency than upper frequency. 

[0056] FIG. 10 is a diagram showing measured Up/Down gain 
ratio of the present invention shown in FIG. 5. The antenna 
exhibits very desirable performances over the GPS bands. 

[0057] The summary of design procedure for the aperture - 
coupled stacked patch antenna is as follows. 

[0058] The design parameters to be determined are patch 
sizes, aperture dimensions/location and substrate properties, 
height, dielectric constant, and etc., associated with the 
layouts shown in FIG. 1. The first step of the design is to 
determine the patch sizes rl and r2 for each band. When the 
substrate height, t, is very small (t<<0.05X), the resonant 
frequency of the microstrip antenna is approximated by the 
cavity model. We use thick low permittivity substrate for the 
patch to obtain the maximum bandwidth. 

[0059] The effect of the slot dimensions to the antenna is 
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dependent to the antenna geometry, in general. Larger slot 
length introduces the higher coupling between the patch and feed 
line, but that also shifts the resonant frequencies and 
increases the unwanted back radiation. The location of the slot 
affects the resonant frequency, cross-pol pattern and the 
impedance matching between the feed line and patches. It is 
evident that determining the parameters one by one is impossible 
for large number of strongly coupled parameters. For this type 
of design, the design strategy would be to reduce the number of 
design parameters by pre-selecting some fixed design choices and 
optimize the initial design using the numerical modeling tools. 
The initial patch sizes are determined by (3) and the bottom 
substrate height and dielectric constant is chosen after finding 
the slot locations and dimensions because there are some design 
flexibilities for the feed lines depending upon how to choose 
the substrate parameters. The slots in the aperture -coupled 
antenna are considered as a series reactance between the patch 
and feed line and that effect can be eliminated by placing 
additional open circuited stub after the slot. Once the slot 
parameters are chosen, then the feed line is designed for 
circular polarization. There are four 90 degree rotated slots 
each incorporated in the ground plane and lower patch. At lower 
band, the most of the energy is coupled to the lower patch and 
the upper patch is parasitically coupled to the lower patch, 
which provides required additional bandwidth for the lower band 
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and at upper band, the lower patch is more tightly coupled to 
the ground plane, so the lower patch effectively acts like a 
ground plane to the upper patch. 

[0060] The initial slot dimensions and locations have been 
found for the single slot, single feed, linearly polarized 
circular patch antenna and the effect of the variation has been 
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feed line is a leaky microstrip line designed to be matched to 
50 -Q output impedance. 90 -degree phase offset has been achieved 
using quarterwave stripline. An important design goal is that 
the feed line 2 8 must maintain minimal phase error and impedance 
variations over the entire band, for instance, L 5 through h 1 . We 
design the feed line for the center frequency, 1.4 GHz, of the 
three bands and use a relatively high permittivity substrate to 
restrain the impedance variations and phase errors introduced by 
changes of the electrical length of the feed line as the 
operating frequency has offset to the center frequency since the 
required correction for the physical dimensions of the feed 
lines on the high permittivity substrate is less than that is 
required for the low permittivity substrate for the same 
frequency offset. The final design has been obtained by 
iterating the above steps within a fixed range of variation for 
the each parameter. 

[0061] It will be apparent to those skilled in the art that 
various modifications can be made to the multif requency antenna 
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with reduced rear radiation and reception of the instant 
invention without departing from the scope or spirit of the 
invention, and it is intended that the present invention cover 
modifications and variations of the multif requency antenna 
provided they come within the scope of the appended claims and 
their equivalents. 
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